origin of ascending infections of the genital tract, and perhaps also on that of endometrioma of the ovary and the deposit of fragments of exfoliating endometrium on the pelvic peritoneum and the surface of the ovary.
In conclusion we express our thanks to Dr. Eden and Dr. Cuthbert Lockyer for permission to investigate their cases, and to Dr. Piney and his staff for assistance in the laboratory experiments.
The Investigation of the Uterus and Fallopian Tubes by Air and Opaque Bodies in Sterility.
By SIDNEY FORSDIKE, M.D., F.R.C.S. INFLATION of the uterus and Fallopian tubes has been practised for many years as a help to the elucidation of sterility in the female, but hitherto the apparatus necessary has been too cumbersome and too elaborate to allow of the investigation being carried out as a clinical test. I have used a simple apparatus for a considerable time as a routine method in the out-patients' department and venture to describe it before this Section of the Royal Society of Medicine.
Precedent to the application of the test the following conditions are observed:
(a) That the semen of the husband is normal; for it is clear that no investigation of the female for sterility should take place until the male is known to be normal. (b) The absence of acute or subacute inflammation of the adnexa, lest it be aggravated. (c) That the cervix is free from purulent discharge, lest infection be carried upwards to the uterus and tubes. (d) That time be well spaced from the menstrual period, for the endometrium is then congested and thickened, resistance being thereby offered to the passage of any fluid except at a much increased pressure. Secondly, as we have lately heard a great deal about the occurrence of air embolism during urethroscopy when slight haemorrhage was taking place, I conceive that this might equally happen in the uterus during menstruation. APPARATUS A. (a) Hollow uterine dilator, which is the third in the series, well tapered and with the opening at the tip.
(b) The bulb and reservoir ordinarily used with a Junker chloroform inhaler. The reservoir has a specially constructed net of strong twine which gives it a fixed support.
Two points about this simple apparatus are to be noted (1) The uterine tube, being tapered, fits the os accurately, and the resilience of the cervical muscle grips it tightly and prevents the escape of air. There is no necessity for the application of the various devices suggested for occluding the os and preventing the back-flow of air.
(2) No manometer is used, nor is it necessary, for my experience is that when either uterus or tube is under tension and air does not pass, obstruction is present, and I proceed to the further investigation by means of opaque substances. For practical purposes, however, I measure the pressure in the reservoir by testing it beforehand against a manometer, and I thus obtain reasonably accurate information of the pressure employed.
Again, it is noted that the apparatus is not burdened with gas-containing cylin. ders. Various gases have been used, oxygen, carbon dioxide and air; the two former involve the use of cylinders, whereas air requires no additional storage. The question arises as to whether there is any valid objection to the use of air as against oxygen or 002, and considering how we expose the peritoneal cavity during operation without ill result, the answer must be, " there is no real objection." The difference in the rate of absorption of small quantities of these,gases must be negligible. The test is carried out in out-patients. The patient places glycerine plugs against the cervix on the two nights preceding the test. She is then put in the Trendelenburg position on the couch, for two reasons: (1) The suprapubic area forms the dome of the abdomen, so that any air entering the abdomen forms a bubble in that area, whereas an increasing area of tympanites can be demonstrated by percussion as the quantity of air increases. (2) In this position the vagina can be kept filled with saline and any back-flow of air is immediately detected.
The vulva, vagina and cervix are dried with swabs and thoroughly painted with iodine, the lower part of the cervical canal being also cleansed and painted. A vulsellum fixes the cervix, and the two early members of the series of dilators are passed through the internal os, followed by the third, which is the uterine tube. The bulb is now attached to the uterine tube and the vagina filled with sterilized saline or water. Pumping slowly, the reserve bulb is soon full and its net under tension. If the tubes are patent the reservoir slowly deflates, the one fallacy being a leaking valve in the air-bulb, which should of course have been detected beforehand.
EVIDENCE OF THE PASSAGE OF AIR INTO THE PERITONEAL CAVITY.
(1) In the early days of tube-inflation the pneumo-peritoneum was demonstrated by X-rays, and if that were necessary it would seriously diminish the value of the test clinically. Fortunately it is not necessary, for when the tubes are patent the air passes evenly and gradually, as seen by the deflation of the reserve bulb.
(2) On auscultation above the tubes the air can be heard on one or both sides according to whether one or both tubes are patent. When there is a layer of fluid over the fimbria a succession of bursting bubbles can be heard, at other times a gurgling or hissing noise; and whichever is heard, it can immediately be arrested by pinching the rubber connexion of the reserve bulb and uterine tube, and it is again heard upon freeing the tube.
The sounds produced by the passage of air through the abdominal ostium can be studied in the course of an abdominal operation to much greater advantage and accuracy than upon the post-mortem uterus, for in the absence of coils of living gut in the latter case the conditions are not comparable. The uterine tube is introduced before opening the abdomen, and when the pelvic organs are exposed inflation is carried out. When the lumen is fairly free and the pressure is raised to 100 mm. Hg a hissing noise is produced; if a layer of fluid be placed over the ostium a succession of bursting bubbles is heard. lf the Fallopian tube be buried beneath coils of small intestine a gurgling is produced, as the coil of intestine is raised by the increased pressure and separates from its neighbour to fall back again as the pressure is relieved.
(3) An increasing globular area of tympanitic resonance can be demonstrated suprapubically on percussion, as the quantity of air in the peritoneal cavity is increased.
QUANTITY OF AIR PASSED. In my earlier cases I passed air into the peritoneal cavity until the tympanites was well marked. This resulted in considerable discomfort to the patient, even in the Trendelenburg position; also in sharp pain in the chest, with embarrassment of the heart's action on regaining the upright position. With improved observation I find it necessary to inject only a few cubic centimetres of air the passage of which can be shown by the above-mentioned methods. With this modification I have no hesitation in carrying out the test in the out-patient department, for few patients make any complaint and at most such complaint is of a slight pain in the shoulders which passes off before she leaves the hospital or house; only one informed me that she had noticed it for three days.
FAILURES.
There are two classes of cases which involve failure unless with anesthesia-cases of vaginismus or hyperaesthesia, and those hard, resisting cervices into which it is difficult to pass a probe through the internal os.
THE PRESSURE TO BE USED. Much discussion has centred around the rate of flow of the gas into the uterus, the measurement -of the total pressure, and as to whether obstruction is to be inferred at 100, 150, 200 mm. Hg. To answer these problems it is necessary to see wbat happens when the inflation is carried out while the abdomen is open.
With the abdomen open and the pelvis filled with saline to a level at which the abdominal ostia are submerged, air passes through some tubes without delay and at a pressure not greater than 50 mm. Hg. In some cases, however, air did not pass until the reserve bulb was under a tension which indicated a pressure of 95-100 mm. Hg, and here the uterus became tense for a fraction of time before the air passed and the viscus resumed its normal appearance. In these cases the Fallopian tube appeared to be flaccid and collapsed, thereby offering resistance to inflation, but upon subsequent inflation the air passed without tension. The resistance in these cases is certainly not due to organic obstruction, but rather to a transient phase in a normal tube. It is clear that in neither class of case is an abdominal operation needed. When obstruction is present distension of the organs takes place according to the site of obstruction; when the block is at the uterine end of the tube distension of the uterus only takes place, it rises up, the peritoneal surface is taut and when grasped it feels like an air cushion and no more air will pass into the viscus. I am unable to confirm Bonney's observation that distension of the uterine cornua takes place, and I do not think that anything in the nature of rupture or even local bulging of the uterus is possible at legitimate pressures.
When the block is in the tube or at the fimbria, air does not pass and the stress falls first upon the relatively thin-walled tube and later upon the uterus. The tube passes into a state of tension and presents the appearance of a solid viscus with the covering peritoneum tense; this happens at a pressure of 95-100 mm. If the pressure be considerably raised dilatation goes on, the wall becoming thinner and almost transparent; I have no doubt that were the pressure maintained rupture would ensue. From these observations we may conclude that, wherever the obstruction, a pressure which is just sufficient to produce distension of an organ is safe; whereas higher pressures place the Fallopian tubes in some danger if they are taking the stress. I find that 150 mm. Hg is the maximum required, and never work beyond that. It is not necessary to push the investigation beyond this limit clinically, for in common with the other hollow viscera the uterus and Fallopian tube when under tension give rise to acute pain and vagal disturbance, which are instantly relieved upon the pressure being lowered. These pass off more slowly, if the pressure is maintained but not increased, as the distended viscus accommodates itself to the pressure. Therefore, as soon as the patient complains of pain I stop the procedure and conclude that there is obstruction.
LOCALIZATION OF THE OBSTRUCTION.
Having concluded that there is obstruction it is of some practical importance to decide upon the site of it; this I proceed to do by the injection of an opaque substance-lipiodol. The patient is sent away for a week to allow of the absorption of the air introduced, otherwise it would be impossible to displace it by the opaque substance.
Lipiodol is a viscous oily compound of iodine (40 per cent.) and oil. The iodine is chemically closely bound to the oil, for it does not give the iodine test for starch, and is only freed when heated, copious purple fumes being evolved. The opacity to X-rays is due to the iodine content, and Sicard first introduced its use into radiology for localization of tumours of the spinal cord.
The patient undergoes the same preparation as for air inflation, with the addition of an aperient twenty-four hours beforehand. She is then placed in the lithotomy position, and with the same precautions and procedure the uterine tube is introduced into the uterus. The uterine tube is now connected to a Record syringe by a short length of rubber tubing both of which are filled with lipiodol. The vagina is then plugged with gauze to maintain the tube in position and to prevent leakage of the lipiodol on to the X-ray couch. The patient is removed to the X-ray room, and screened while the lipiodol is being injected; when she complains of pain a photograph is taken.
Pain is complained of when there is obstruction owing to the distension of the viscera behind the block; and the pain continues and becomes more acute if the pressure be increased, but is instantly relieved on the pressure being lowered. When tension is produced by lipiodol our object is achieved, for the opaque body has arrived at the seat of obstruction, we can lower the pressure and are ready for the photograph. Secondly, there is a transient acute pain when the first drop of lipiodol touches ihe pelvic peritoneum; this passes off in a few seconds.
THE EFFECTS OF LIPIODOL.
Lipiodol is completely absorbed from the peritoneum in from seven to ten days, and no shadow can be seen after the latter date. For two or three days following the injection there may be some uterine haemorrhage but it passes off and no further disturbance has been observed. The question as to whether the lipiodol has any ill effect upon the epithelium of uterus or tubes, or even upon the peritoneum, is of grave importance, and the answer is, " No." I conducted a series of experiments upon cats, injecting lipiodol into the Fallopian tubes and widely into the peritoneum. Examination of the tissues from three days to six weeks showed no evidence of peritoneal irritation nor yet of disturbance of the epithelium lining the uterus. In addition, I opened the abdomen of a patient who had been injected six days before, and although I found a small pool of lipiodol in Douglas's pouch there was no evidence of peritoneal irritation.
The radiogram after lipiodol injection shows us:
(1) Position, appearance and direction of the Fallopian tube.
(2) The exact site of obstruction, whether in isthmus or ampulla. (3) Whether an operation for relief of obstruction is advisable when the fimbriae are closed, or inadvisable when the block is at the cornual extremity.
These two methods of investigation, when combined, seem to me a considerable step forward in estimating the wisdom of an abdominal operation for sterility, for they not only tell us that the Fallopian tube is blocked, but also show us the point of obstruction. I consider that any operation for restoring the lumen of the Fallopian tube when obstruction exists at the cornual end is doomed to failure, notwithstanding the ingenious operations devised and figured for this purpose. I do not believe that their use is ever attended with success.
On the other hand a more hopeful outlook attends the restoration of the lumen when the fimbrial extremity is occluded, for where the abdominal ostium can be opened by the unfolding and conservation of the fimbrie, there is some prospect of their remaining open with the possibility of subsequent pregnancy. It is in this class of case that inflation may later be carried out both to maintain the restored ostium and to demonstrate that the operation has been a success.
The advantage of inflation without anaesthesia lies in the larger number of cases that can be done, without encroaching upon the use of hospital beds which are already taxed to the utmost capacity. Where inflation is positive valuable information is gained, but when negative the result affords no indication for treatment. The injection of lipiodol, however, supplements the negative information, and indicates the site of proximal obstruction, but it tells us nothing of the state of the Fallopian tube beyond the obstruction. This is of considerable importance, for I have set out to relieve obstruction at the isthmus of the tube, only to find that the ampullary end of the tube was completely disorganized. Criticism may possibly be directed to the amount of dilatation of the cervix necessary while the patient is conscious; the answer is that only about 10 per cent. require an anaesthetic, whereas the remainder suffer no greater inconvenience than that of fixing a vulsellum. in the cervix and passing a sound into the uterus.
In conclusion I wish to thank Dr. Gray for her clinical help, and Dr. Berry's assistants, Miss Gray, Miss James, and Miss Fouldes for the radiographic work.
Discussion.-Dr. H. RUSSELL ANDREWS (President) said that two ingenious and in-teresting methods had been described. The chief objection that had been raised to the ordinary method of inflation of the tubes was that although the presence of obstruction could be proved there was no way of telling where the obstruction was situated and whether it couLld be dealt with without opening the abdomen. These two methods showed the exact spot where the obstruction occurred.
Dr. EDEN said that the authors had done interesting work in connexion with what was a colmiparatively new subject. He thought the time had not yet arrived to say which wasfrom all points of view the best method of testing the patency of the Fallopian tubes. He was not prepared to accept without question the statement that the introduction of insoluble foreign m-natter into the peritoneal sac would do no harm, when the passages were not obviously infected. It appeared to him very likely that a pool of lipiodol in Douglas's pouch would lead to trouble sooner or later. There seemed no doubt that the use of X-rays gave valuable information as to the position of the block in the tube which could not be obtained by simple inflation.
Mr. GORDON LUKER said that he had used Rubin's apparatus with carbon dioxide sparklets and manometer in a considerable number of cases without any ill-effect. Hethought it quite satisfactory, and simpler than radiological methods. He used an anaesthetic. Occasionally the patient colmplained of a little abdominal pain on recovering from the ansesthetic, but this soon passed off. He had never seen any symptom or sign of peritonitis.
In a fair proportion of cases he had found the pressure rise to perhaps 150 mm. before the gas passed through the tubes, and then the gas passed quite suddenly and the pressure dropped to under 100 nmmn. He thought these were probably cases in which there were light, filmy adhesions over the ends of the tubes whiclh were thus rendered patent by the passage of the gas. In his experience the Fallopian tubes were nearly always patent in cases of sterility in which there was no history or evidence of salpingitis.
Miss MARTINDALE referred to the methods she found being used in somue of the gynwcological clinics she had recently visited in the United States, where Rubin's test was being used very extensively in suitably selected cases. She had been interested to note in William P. Graves' most recent publication, a definite reaction against this test being used as a routine mi:ieasure on account of its danger in acute, subacute and even chronic pelvic inflammation.
Mr. F. L. PRovIs said that he had had considerable experience with Professor Kurrier's apparatus, and that it had always proved most satisfactory. The essential point was to maintain a steady flow of gas and to be able to see and gauge what one was doing. The time taken, and the expense of carrying out investigations by injection of metals into the tubes and the subsequent X-ray photography, were considerable drawbacks to the usefulness of these methods.
He considered that the localization of the focus of obstruction in the tube or tubes was of little or no practical value-and that the results of salpingostomy were most discouraging ini the experience of the great majority of gynaecologists. He thought that the tubes mllight be kinked without actual occlusion and that a retroverted heavy uterus with adhesions might cause occlusion of the tubes by pressure, witlhout there being alny organic obstruction.
